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Two metabolically active substances have recently been purified from porcine 
and human anterior pituitary glands, and designated peptides I  and II (1,  2). 
These factors have a  potent effect on lipid metabolism  in  rabbits; as little  as 
0.02 #g added to leporine adipose tissue in vitro  stimulated  the release of free 
fatty  acids.  Following  the  injection  of  10  ~g  intravenously  the  plasma  con- 
centration of free fatty acids increased fivefold in 5 minutes, while 2.5 mg sub- 
cutaneously produced gross lipemia 12 to 16 hours later (3). The electrophoretic 
pattern  of these  peptides  on  starch  gel differed from that  of any of  the  six 
recognized anterior pituitary hormones, but one of them, peptide II, resembled 
a  major component in fraction  H  prepared  by Rudman  et al.  (4), a  pituitary 
preparation  with  similar  effects on  the  lipid  metabolism  of rabbits  (5).  Em- 
ploying  the  immunological  methods  of  agar  gel  diffusion,  immunoelectro- 
phoresis, and specific inhibition of lipolytic activity we have shown that peptides 
I  and II differ from other pituitary factors affecting lipid  metabolism.  More- 
over we have shown that peptide  II and  the active component of fraction H 
are immunologically similar. 
Methods 
Antibodies were produced in rabbits  weighing 2 to 3 kg by injecting a preparation  con- 
taining a mixture of peptides I  and II with trace amounts of at least two other protein-like 
substances emulsified in Fretmd's incomplete adjuvant (Difco). The 1 mg/ml emulsion was 
injected into four sites at weekly intervals for 3 to 6 weeks; 0.25 mg intramuscularly into each 
thigh and 0.25 mg into the web between the toes of the two front feet. 2 weeks following the 
last series of injections an additional 0.1 to 0.2 nag was injected intravenously.  Larger doses 
were not used because occasionally they were lethal as we have reported previously (3). Of 
a group of three rabbits only one had a significant antibody titer to peptides I and II, 1 to 3 
weeks after the final intravenous  injection. The titer was measured by the hemagglutination 
technique of Read for the assay of human growth hormone (6, 7), a modification of the original 
methods of Boyden (8) and Stavitsky (9). 
The method  of starch gel electrophoresis was that recently  described by Ferguson and 
Wallace (10, 11) and Barrett eta/.  (12), a modification of Poulik's  (13) discontinuous buffer 
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system. After electrophoresis the gel was sliced and a strip 1 cm wide containing the desired 
material was placed in a transparent  plastic box measuring 14 X  4 X  3 cm; this was then 
filled with agar (i.0 per cent in saline containing 1:10,000 merthiolate) at 50°C to a depth 
sufficient to cover the gel. The trough for the antiserum was approximately 1 cm from one 
edge of the gel and parallel to it and was formed by positioning a ~'~ inch glass strip on edge 
before pouring the agar. When the agar had hardened the glass strip was removed leaving a 
trough of uniform width. Approximately 1.5 to 2 cc of undiluted antiserum was added to the 
trough and the diffusion was allowed to proceed at room temperature  in a moist chamber. 
For the immunologic studies on agar plates the technique described by Hayashida and Li 
(14) was used with slight modification. 0.2 cc of undiluted antiserum was added to the center 
well with varying amounts (5 to 200 ~g) of antigen in 0.2 cc saline in the peripheral wells. 
The precipitin lines were allowed to develop at room temperature for 2 to 4 days before being 
photographed. The plates were not discarded for upwards of 30 days to be certain no delayed 
precipitin lines appeared. 
In studying the lipolytic action of peptides I and II in vitro, pieces of mesenteric fat weigh- 
ing approximately 100 rag were incubated in 1 cc of Krebs-Ringer phosphate buffer containing 
5 per cent fat-free albumin at 37°C for 3 hours in a Dubnoff shaker. Upon completion of the 
incubation, free fatty acids in tissue and in the medium were measured by titration according 
to the method of Dole (15). The free fatty acids released in the presence of increasing amounts 
of peptides I and II were compared in experiments with and without specific antiserum, while 
in other experiments the antiserum was added at different times during the incubation period. 
The in vivo experiments measured changes in the concentration of free fatty acids in plasma 
after the intravenous injection of peptides I and II in normal rabbits and in the one rabbit 
with a high antibody level. The free fatty acids were also measured after  the intravenous 
injection of peptides I and II which had been incubated with antiserum. 
RESULTS 
Fig.  1 illustrates the electrophoretic pattern on starch gel of three different 
preparations: (1) the crude extract from porcine anterior pituitary glands from 
which peptides I and II were purified; (2) fraction H  prepared by Rudman; (3) 
purified peptide I. Fraction H  contains a  prominent band with the same mo- 
bility as peptide II while purified peptide I migrates as a single component at a 
somewhat shorter distance from the origin than peptide II. The crude pituitary 
fraction  is  what  remains  after  oxycel  adsorption  in  the  purification  of 
corticotropin. 
In Fig.  2  the  precipitin arcs  formed  during immunoelectrophoresis of  the 
same three preparations are illustrated. With peptide I  there is a  single pre- 
cipifin arc  which  is  immediately adjacent to  the  antiserum trough.  On im- 
munoelectrophoresis of  fraction H  two  separate  arcs  were  visible.  The  arc 
nearer the  anode, formed by the  interaction of  antibody with peptide  II, is 
closer to the gel than the precipitin arc formed by antibody and "pure" peptide 
I.  No  precipitin arc  similar to  that formed by peptide I  was  apparent with 
fraction H. This difference in rate of diffusion would agree with the reported 
molecular weights of these two peptides  (2).  The estimated molecular weight 
of peptide I is 5,000 while the molecular weight of peptide II estimated by elec- 
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The antigen used in the preparation  of the antiserum  contained in addition 
to peptides  I  and II trace amounts  of several  other substances  detectable  by 
starch gel electrophoresis.  One of these marked C1 in the crude extract in Fig. 1 
Fro.  1.  Photograph of starch  gel stained with nigrosin showing the patterns of (1) crude 
porcine pituitary extract,  (2) fraction  H  (Rudman),  and  (3) "pure" peptide  I. The location 
of peptides I  and II in the crude extract  are indicated.  C1 in the crude extract  was present 
in the preparation  used to stimulate antibody production. Peptide I is not present in fraction 
H. 0 indicates origin, F indicates location of borate "front" at termination  of electrophoresis. 
also appeared to be present in fraction H  and this would account for the addi- 
tional precipitin arcs closer to the origin in both the crude pituitary fraction and 
fraction H  after immunoelectrophoresis.  This band C1 has also been estimated 
by electrodialysis to be of relatively high molecular weight (16) thus accounting 
for its relatively slow rate of diffusion. 
Only three  precipitin  arcs were  clearly identified  on immunoelectrophoresis 
of the  crude  pituitary  extract  shown  in  Fig.  2.  All were  opposite  the  anodal 516  ANTIBODIES  TO  T\VO  PITUITARY PEPTIDF:S 
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segment of gel where peptides I and II and band C1 migrate. We have previously 
reported  that  this  crude  preparation  probably  contained  in  trace  amounts 
several  factors  which  were  known  to  increase  lipolytic activity from  rabbit 
adipose  tissue in  vitro.  These included a-  and  ~-intermedin,  corticotropin Aj 
and A2, growth hormone, and, in addition, several other unknown substances, 
all with distinctly different electrophoretic mobilities (3,  12).  It seemed, there- 
fore, that  all  these  substances,  though  sharing  the biological property of in- 
FIG. 3.  Precipitation lines in agar plates. The center well contains the antiserum to porcine 
peptides I  and II. The peripheral wells  contain 50/~g of: A, peptides I  and II from porcine 
anterior pituitary glands; B, fraction H; D, pure peptide I; E, peptides I  and II from human 
anterior pituitary glands. 
creasing  lipolytic activity  in  vitro,  immunologically were  distinctly  different 
from peptides I  and II. This was partially confirmed on Ouchterlony diffusion 
by the absence of any interaction between the antiserum to peptides I  and II 
and porcine a-intermedin or porcine growth hormone. 
In Fig. 3 the precipitin lines formed by four different pituitary preparations 
in Ouchterlony plates are shown. These usually appeared after 24 to 36 hours 
and reached maximum intensity and clarity when allowed to diffuse for 72 to 
96 hours. The well marked A contained the antigen which was used to stimulate 
antibody production in  these  experiments.  Four distinct  precipitin lines  ap- 
peared between A  and the center well C which contained the antiserum. The 
line which was closest to the center well was formed by the interaction of pep- 518  ANTIBODIES  TO  TWO  PITUIT..\RY  PEP'i'I1)ES 
tide I  and its antibody as can be seen  by comparison with D  which contained 
"pure" peptide I. Here only a single line adjacent to the center well was clearly 
visible.  The minimal amount of pure peptide I necessary to give this precipitin 
line was between 5 and 10/~g. No comparable line could be seen between fraclion 
H in well B and the antiserum. However, with fraction H  lines of identity with 
I"IG. 4.  Electrophoretic comparison of (1)  alkali-boiled peptides I  and  II,  (2)  acid boiled 
l~eptides I  and II, and  (3)  Deptides I  and  II,  untreated; orientation of gel same as  Fig.  1. 
the  other  three  antigens  in  A  were  present.  We  were  not,  however,  able  to 
identify with certainty which one of the three was produced by the interaction 
of peptide II with the antiserum. 
50 ug of peptides I and II purified from a 50 per cent alcohol-soluble fraction 
remaining after  the precipitation of growth hormone from an  extract derived 
from human pituitaries  were added  to E. Interaction between  several  compo- 
nents in the human preparation with antiserum to peptides I and II from por- 
cine pituitary glands occurred. Three  precipitin  lines  formed which  appeared 
to be very similar  to those formed by porcine peptides  I  and  II, although on HENRY  FRIESEN,  MINORU  IRIE,  AND  RICHARD  ~'.  BARRETT  519 
careful inspection  of  the plate, minor differences were apparent, particularly 
in the line due to peptide I. The reaction between the peptides from the pitui- 
tary glands  of man and the antiserum appeared to be  specific since  human 
serum proteins and human growth hormone did not react with the antiserum. 
Further, antiserum to human albumin and globulin failed to react with pep- 
tides I and II from hog pituitaries. 
When 1.5 mg of peptides I and II were heated in a boiling water bath for 30 
minutes in 3 cc of 0.1 N sodium hydroxide they no longer produced an increase 
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FIG. 5.  The release of free fatty acids by adipose tissue incubated with and without anti- 
serum to peptides I  and II.  Incubation was carried out in Krebs-Ringer phosphate buffer 
containing 5  per cent fat-free albumin for  3  hours.  The  brackets  indicate standard  error 
of the mean. At the tops of the columns are the number of experiments performed. 
in the free  fatty acids  of plasma when  injected intravenously into rabbits. 
Similar exposure of the peptides to 0.1 N HC1 did not alter the biologic action 
of the peptides; yet boiling  the peptides  either in acid or alkaline  solutions 
changed their electrophoretic  patterns on starch gel (Fig. 4).  In order  to de- 
termine whether this treatment changed  the immunological properties  of the 
peptides immunodiffusion was carried out in Ouchterlony plates. The alkaline- 
boiled peptides,  which were biologically inactive,  did not react with the anti- 
serum, yet the acid-treated peptides with their altered electrophoretic  pattern 
produced lines of identity  with the untreated material. 
Because peptides  I and II markedly increased the release of free fatty acids 
from adipose tissue in vitro  (2), it seemed pertinent to determine whether the 520  ANTIBODIES TO  TWO  PITUITARY PEPTIDES 
antigen-antibody reaction would block their biological effects.  Antiserum  was 
added to the flasks containing these peptides at the beginning of the incubation 
period (Fig. 5).  When 0.1 cc of antiserum was added,  there was no increase in 
the release of free fatty acids after the addition of as much as 0.5 t~g of peptides 
I  and II, while the addition of normal serum was without an inhibitory effect. 
When amounts of peptides  I  and II greater than  1.0 ug were added with 0.1 
TABLE I 
Rdease of Free Fatty A rids by Adipose Tissue Incubated with and without Antiserum to Peptides 
I and H 
Amount  of peptides added 
~g 
P@tides I and H from 
human pituitaries 
0.1 
0.2 
0.5 
1.0 
Fraction H* 
0.1 
0.2 
0.5 
1.0 
2.0 
5.0 
10.0 
20.0 
No. of experiments 
Free  fatty  acids  released 
Antiserum  absent 
2  1.0 
2  5.1 
3  8.6 
2  9.8 
1  1.1 
1  1.6 
2  2.0 
2  3.6 
1 
1  8.7 
1  9.8 
1  9.6 
Antiserum present 
O.I  ml 
1.8 
1.8 
2.3 
6.9 
1.2 
0.8 
1.0 
0.8 
1.0 
4.9 
8.9 
11.0 
* Prepared  by  Dr.  Rudman  from porcine  pituitary  glands.  Conditions  of incubation 
were the same as those in Fig. 5. 
cc of antiserum the lipolytic effect was no longer inhibited.  At the 1.0 ~g level 
partial inhibition was observed. 
When peptides I  and II purified from a  human pituitary extract were added 
to the incubation flasks there was a  definite increase in the release of free fatty 
acids from leporine adipose tissue in dtro with as little as 0.2 #g. The addition 
of 0.1 cc of antiserum partially inhibited the action of 0.2, 0.5, and 1.0/~g of the 
peptides  (Table I). 
The increase in free fatty acids produced by 1.0, 2.0, and 5.0 ~g of fraction H 
was also inhibited by the antiserum, again suggesting that the active substance 
in fraction H, presumably peptide II, was blocked by the antigen-antibody in- 
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Porcine peptides I  and II (0.02/ag), human peptides I  and II (0.2 #g), and 
fraction H  (1.0 ~g) produced a  small but definite increase in the release of free 
fatty acids in vitro, while the addition of 0.1 ml of the antiserum almost com- 
pletely inhibited  the biological action of 1.0, 0.5,  and  2.0 ~g, respectively.  It 
seemed that there was quantitatively less inhibition of the biological action of 
the human preparation,  suggesting  that  although  the peptides  from the  two 
species were similar, they were not identical. This would be consistent with the 
minor differences in the precipitation lines seen on agar gel diffusion studies. An 
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1~c,. 6. Effect of peptides I and II on release of free fatty acids by adipose tissue incubated 
with and without antiserum. All incubation flasks contained 0.5 ~g of peptides I and II. The 
blank columns represent the mean value of free fatty acids released when the incubation was 
carried  out without antiserum  for the time  indicated.  The cross-hatched  columns express 
the mean value when 0.1 ml of antiserum was added during the incubation and the incubation 
continued for a total of 180 minutes. The numbers at the tops of the columns indicate the 
number of experiments; the brackets are the standard error of the mean. 
analogous observation was made by Hayashida and Li (14), who pointed out 
that although bovine and ovine growth hormone interacted,  slight differences 
in the precipitation lines on agar gel were seen. 
The observation that other pituitary hormones failed to react with the anti- 
serum on immunoelectrophoresis and agar gel diffusion was confirmed by bio- 
logical experiments.  For example,  the lipolyfic action of porcine corticotropin 
was unaffected by adding antiserum to the incubation flask. 
Fig.  6  summarizes  the  results  of experiments  in  which  adipose  tissue  was 
incubated for varying periods of time with 0.5/zg of peptides  I  and II. There 
was a linear increase in the free fatty acids over the 3 hour incubation period. 
When 0.1 ml of antiserum was added to flasks containing 0.5/~g of pepfides I 522  ANTIBODIES  TO  TWO  PITUITARY  PEPTIDES 
and II at different intervals, and the incubation continued for a total of 3 hours, 
it prevented any further release of free fatty acids; and, indeed, usually there 
was a net decrease in the free fatty acids from the time the antiserum was added 
until the incubation was completed, possibly a reflection of re-esterification. 
When injected intravenously peptides I  and II produced a rapid rise in the 
concentration of plasma free fatty acids in normal rabbits. The in vitro experi- 
ments demonstrated that 0.1 ml of antiserum inhibited the lipolytic response of 
0.5 to 1.0 #g of peptides I  and II. When 2.0 to 2.5 ml of antiserum were incu- 
bated with 10 #g of peptides I and II for 30 minutes, and injected intravenously, 
the usual rise in plasma free fatty acids occurred, indicating that the action of 
the peptides had not been blocked (Fig. 7). Why the mixture of antiserum and 
2600- 
2400 
22O0 
2000 
1800 - 
F.F.A.  1600 - 
CONC. 
(jaeq/liter) 1400- 
1200 - 
I000 "- 
800 "q 
600, 
400' 
200' 
G,,.,,,,,,,,,,,,,,,,,o  Normal Rabbit- IOOj~g Peptides l r and X 
~e (a) No  Antiserum  ) 
~(b) With Antiserum t Normal Rabbit-IOgg  Peptidee I 
° -""~"  .-o  Immunized Rabbit 
" .....  ---o,, ........  o Normal Rabbit-Saline  200,ug Peptide$ I  and II 
I  I 
,5  3'o  45 
MINUTES 
FIG.  7.  Plasma free fatty acids following the intravenous injection of peptides I  and II 
with and without antiserum into normal and immunized rabbits. 
peptides  produced  a  response  almost  equal  to  the  peptides  alone  is  most 
puzzling. 
In a single experiment in which 200 ~g of peptides I and II were injected in- 
travenously into the rabbit with a high titer of antibodies, no significant rise in 
free fatty acids occurred (Fig. 7).  Usually a large increase promptly occurred 
following as little as 10 ug intravenously and with 100 ug the concentration of 
free fatty acids usually reached a peak of 3000 to 4000 ueq/liter within 15 to 30 
minutes. 
DISCUSSION 
The demonstration of antibody production to peptide I  would be analogous 
to  similar antibody production to corticotropin,  both being relatively  small 
polypeptides with molecular weights near 5,000. The fact that only one of three 
rabbits developed antibodies in significant titer may be a  reflection of their 
weak antigenlcity or possibly related to our inability to inject larger stimulating HENRY  ~'RIESEN,  MINORU  IRIE,  AND  RICHARD J.  BARRETT  523 
doses because, as previously reported, doses in excess of 1 mg were frequently 
fatal. Peptide II, which is a larger peptide with an estimated molecular weight 
of between 10,000 and 20,000, would be anticipated to be the stronger antigen. 
Differential titers on the antisera to "pure" peptides I and II were not carried 
out. Likewise the relative amount of each in the antigen mixture used could only 
be roughly estimated by their relative nigrosin staining intensity on starch gel. 
The reaction between peptides I  and II from human pituitaries with anti- 
serum to porcine peptides I  and II infers an immunochemical similarity. Al- 
though the similarity is sufficient to give precipitation lines, minor differences 
were noted in gel diffusion studies. Furthermore, immunoelectrophoresis of a 
crude human pituitary extract gave an additional precipitin arc  which was 
closer to the origin than the one seen in the crude pituitary preparation from 
hogs which was possibly related to the band designated C1 in Fig. 1. This third 
precipitin arc in the human extract was in the same region where human growth 
hormone constituents migrated (12); however, it is unlikely that it was due to 
growth hormone itself, since neither human nor porcine growth hormone in- 
teract  (14),  nor do porcine peptides I  and II react with human growth hor- 
mone antiserum. Likewise there was  no interaction between human growth 
hormone and peptides I and II antisera. Perhaps, therefore, there are additional 
substances in the pituitaries of man and hog which antigenicaUy are related. 
Gel  diffusion on Ouchterlony plates  was  a  sensitive method for detecting 
trace amounts of contaminants at various stages in the purification of peptides 
I  and II. For example, a preparation of peptide I in normal concentration ap- 
peared as a single band in starch gel after electrophoresis, yet diffusion studies 
demonstrated the  presence  of  trace  amounts of other  substances  indicating 
"complete purification" had  not  been  achieved.  While  we  have  ascribed  a 
specific precipitation line to the interaction of peptide I  with its antibody, the 
theoretical possibility exists that a trace component in the purified preparation 
which is a potent antigen might be responsible for the precipitation line; how- 
ever, we think this is unlilcely. 
The inhibition by antiserum of the lipolytic action of these peptides in ~tro 
was dearly shown. Moreover, when antiserum was added during the course of 
incubation there was a prompt cessation of the release of free fatty acids and 
possibly even re-esterification or oxidation of some of the fatty acids which were 
present at that point. This suggested that peptides I  and II were not firmly 
attached to any functional site in the fat cell, since in the presence of antiserum 
they readily interacted with their specific  antibodies and became biologically 
inactive. 
SUM~RY 
Peptides I  and II, two metabolically active peptides from porcine pituitary 
glands, stimulated antibody production in rabbits. The antiserum obtained had 
antibodies which interacted with peptides I  and II from porcine pituitaries, 524  ANTIBODIES  TO  TWO  PITUITARY  PEPTIDES 
peptides I and II from human pituitaries, and fraction H prepared by Rudman 
from hog pituitaries. None of the other pituitary preparations tested showed 
any interaction with peptides I and II. 
All three preparations stimulated the release of free fatty acids from rabbit 
adipose tissue  in vitro. Antiserum inhibited this biological action to a different 
extent in each of the three preparations. Following an intravenous injection of 
peptides I  and II there was a  rapid rise in the plasma  concentration of free 
fatty acids in rabbits.  Injection of antiserum together with peptides I  and II 
failed to block the rapid increase in free fatty acids. However, an injection of at 
least ten times the minimal amount of peptides I and II which raised the plasma 
free fatty acid concentration produced no increase in a rabbit with a high anti- 
body titer to these peptides. 
The authors wish to thank Dr. E. B. Astwood for his helpful advice and encouragement 
and for his critical review of the manuscript. 
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